We used petrofacies analysis, carbon, oxygen and strontium isotope data to interpret the isotopic variations in the carbonate rocks of the Mural Formation of Sonora (Sierra San José section), Mexico. The petrographic study reveals a range of lithofacies from wackestone to packstone. The analyzed limestones show significant negative δ
Introduction
The stable isotopic compositions along with petrographic information of carbonate rocks may prove to be an important tool in tracing the fluid origin and in reconstructing large-scale movements and evolution of fluids (ALLAN and MATTHEWS, 1982) . The carbon and oxygen isotopic composition of the carbonate sediments/rocks reflect the physicochemical properties of the waters, in which the sedimentcontributing organisms grow (MORRISON and BRAND, 1986) and also provides information regarding the diagenetic processes and environments, which initiate the conversion of skeletal carbonates into limestones (JENKYNS et al., 1994) . The carbon and oxygen isotopic composition of carbonate rocks also provides valuable information regarding the temperature of deposition (ALI, 1995; CONIGLIO et al., 2000) , source of carbonate (HUDSON, 1977; GAO et al., 1996; KUMAR et al., 2002; POULSON and JOHN, 2003) , and/or palaeoclimate (QUADE and CER-LING, 1995; SRIVASTAVA, 2001; SCOTT, 2002) .
Carbonate rocks deposited in marine environments mainly record the carbon isotopic composition of the ocean water (SCHOLLE and ARTHUR, 1980) . Similarly, oxygen isotope studies from foraminifers and the paleobotanical record provide strong evidence that the Cretaceous Period was substantially warmer than today (CROWLEY and NORTH, 1991; STEUBER et al., 2005) . Paleoclimatic conditions for a given region can be determined by studying temporal changes of meteoric diagenesis within a single lithology, particularly limestone, and the geochemical signature of the associated diagenetic products (JAMES and CHOQUETTE, 1984) . Isotopic studies on shallow marine Lower Cretaceous carbonate rocks have shown evidence of paleoceanographic processes (KU-MAR et al., 2002; MADHAVARAJU et al., 2004) , climatic and biotic changes (DESHPANDE et al., 2003; MISHRA et al., 2010; PRÉAT et al., 2010; TEWARI et al., 2010) and global-scale tectonics (GRÖCKE et al., 2005; MAHESHWARI et al., 2005; AMODIO et al., 2008) . Lower Cretaceous Bisbee Group sedimentary rocks are well exposed in northern Sonora, Mexico. Extensive research activities have been undertaken on the Bisbee Group by various paleontologists and stratigraphers during the past decades, but detailed isotopic studies on the carbonate rocks are scanty and to date few studies have been undertaken on specific sections of the sedimentary rocks of the Mural Formation. MADHAVARAJU et al. (2013a MADHAVARAJU et al. ( , 2013b carried out carbon, oxygen and strontium isotope studies on the limestones collected from the Cerro Pimas section (proximal part of the Bisbee basin) and Cerro El Caloso Pitaycachi section (distal part of the basin) to understand the paleoceanographic changes that occurred during the Early Cretaceous Epoch. Here we present carbon, oxygen and strontium isotope data from the northeastern part of the Bisbee basin exposed in the Sierra San José (Fig. 1) . The objectives of the present study are: 1) To study the diagenetic changes in the carbon and oxygen isotopes; 2) to compare the carbon isotope variation of this section with that of the Cerro Pimas and Cerro El Caloso Pitaycachi sections in Sonora (MADHAVARAJU et al., 2013a (MADHAVARAJU et al., , 2013b ; 3) to identify strontium isotopic variations in these carbonate rocks; and 4) to assess the probable reasons for the fluctuations in 87 Sr/ 86 Sr ratios.
Geology of the study area
The Lower Cretaceous Bisbee Group is well exposed in the north-central part of Sonora, Mexico, and has similar stratigraphic characteristics and is correlative with similar rocks exposed in southern Arizona and New Mexico in the United States of America (RANSOME, 1904; CANTU-CHAPA, 1976; BILODEAU and LINDBERG, 1983; MACK et al., 1986; DICKINSON et al., 1989; JACQUES AYALA, 1995; LAWTON et al., 2004) . The sedimentary rocks of the Bisbee Group consist of four formations: Glance Conglomerate, Morita Formation, Mural Formation, and Cintura Formation. The Glance Conglomerate mainly consists of cobbles and boulders of metamorphic and granitic rocks locally interbedded with volcanic flows and tuffs that represent syntectonic rift deposits (BILODEAU et al., 1987) . The Morita and Cintura formations include reddish brown siltstone and lenticular beds of arkose and feldspathic arenite (KLUTE, 1991) deposited in fluvial environments. Fossiliferous clastic and carbonate units of the Mural Formation overlie the Morita Formation and represent major Aptian-Albian marine transgression (SCOTT, 1987) . LAWTON et al. (2004) defined six members in the Mural Formation of Sonora ( Fig. 2) : Cerro La Ceja, Tuape Shale, Los Coyotes, Cerro La Puerta, Cerro La Espina, and Mesa Quemada members. These members are laterally persistent from northeastern to northwestern Sonora, in a 300 km-long transect showing only minor facies changes through several measured sections (GONZÁLEZ-LEÓN et al., 2008) .
The Mural Formation exposed in the Sierra San José was deposited in the Bisbee Basin, which extended southeastward into the Chihuahua Trough (Fig. 1) (LAWTON et al., 2004) . The Sierra San José section spans from the basal Cerro La Ceja Member of the Mural Formation to the Mesa Quemada Member at the top (Fig.  2) (GONZÁLEZ-LEÓN et al., 2008; MADHAVARAJU et al., 2010) . Previous studies demonstrated that the formation ranges from upper Aptian to lower Albian. Prominent age-diagnostic fossils present in thin sections of the Sierra San José outcrop are benthic foraminifera; calcareous algae are rarely present but invariably long ranging. This low-diversity biota is consistent with the published late Aptian to early Albian age of strata in this section (LAWTON et al., 2004; GONZÁLEZ-LEÓN et al., 2008) .
Methodology
Carbon and oxygen isotopic compositions were analyzed for eighteen samples using a Prism series II model mass spectrometer at Korea Basic Science Institute. The limestone samples were treated with H 3 PO 4 in vacuum at 25°C and the resulted CO 2 gas analyzed following the standard method of McCREA (1950) . Results are reported in the standard per mil (‰) δ-notation relative to the Pee Dee Formation Belemnite (V-PDB) marine carbonate standard. Sample reproducibility is better than ±0.05‰ for carbon and ±0.1‰ for oxygen.
Eighteen whole rock samples were analyzed for Sr isotope composition using a VG 54-30 thermal ionization mass spectrometer equipped with nine Faraday cups at Korea Basic Science Institute. Several 10 mg of whole-rock powders were mixed with highly enriched 84 (VERMA, 1992; VERMA and HASENAKA, 2004) . 
Results

4.a. Biostratigraphy
Few short-ranging taxa are identifiable in the thin sections from our measured section at Sierra San José (Fig.  3) . The new data do not alter previously published Aptianlower Albian correlations of these formations. A benthic foraminifer in the Cerro La Espina Member of the Mural Formation, Paracoskinolina sunnilandensis (MAYNC) (Fig.  3 .6-7), is a lower Albian species, reported elsewhere in the Bisbee Basin (LAWTON et al., 2004; GONZÁLEZ-LEÓN et al., 2008) , which is common in the Trinity Group in Texas . Specimens of Mesorbitolina most likely are M. texana (ROEMER), which in the Trinity Group ranges in age from 113. 70-108.19 Ma (SCOTT, 2014) . However, the key protoconch and deuteroconch structures necessary to identify the species were not present in the available thin sections. The benthic foraminifer, Buccicrenata subgoodlandensis (VANDERPOOL), is rare in the Los Coyotes Member and is characteristic of the Trinity and Fredericksburg groups.
A small, conical benthic foraminifera in the Cerro La Puerta and Cerro La Espina members is Novalesia producta (MAGNIEZ) (Fig. 3.1-5 ), which ranges from late Aptian to early Albian (ARNAUD-VANNEAU and SLITER, 1995) . The biserial genus Novalesia differs from the biserial cuneolinid genus Vercorsella by its conical test, by its thin radial septa that do not join the median septum, and by the slitshaped aperture (LOEBLICH and TAPPAN, 1988) . Novalesia was widespread in the Tethys from Spain, France and the Pacific seamounts (ARNAUD-VANNEAU and SLITER, 1995) . Caprinid fragments of partial valve margins in the Los Coyotes Member have elongate oval pallial canals that diverge at the outer shell layer. The canals of these fragments are similar to those of Coalcomana, which is the distinctive and common genus in early Albian strata (SCOTT and FILKORN, 2007) . However complete specimens are needed to verify the identification. 
Novaleisa producta Lenticulinid
Clavihedbergella sp.
Encrusting Foram Echinoderms Ostracodes
Lithophyllum sp. A single planktic foraminifer specimen in the Cerro La Puerta Member is tentatively identified as Clavihedbergella sp., because of its axial profile ( Fig. 3.8 ). This genus ranges from Barremian-Aptian to Coniacian (LOEBLICH and TAPPAN, 1988; SCOTT, 2014) . To confirm the identification of the genus and species a transverse view showing the whorl expansion is needed. Clavihedbergella simplex (MORROW) is present in the upper Aptian-lower Albian interval (113.43-86.83 Ma; SCOTT, 2014) .
Lithocodium aggregatum Parachaetetes sp.
Pycnoporidium lobatum
4.b. Lithofacies and depositional environments
Petrographic data are from eighteen thin section samples of members of the Mural Formation (Table 1 ). The members of the Mural represent two longer-term depositional cycles: 1) the Cerro La Ceja, Tuape Shale and Los Coyotes cycle and 2) the Cerro La Puerta, Cerro La Espina and the Mesa Quemada cycle ( Fig. 2 ) (LAWTON et al., 2004; GONZÁLEZ-LEÓN et al., 2008) . The overlying Cintura Formation represents a major shift in basin deposition from mixed carbonate and siliciclastic sediment to dominantly siliciclastic sediment.
The Cerro La Ceja Member at the base of the section is composed of shale and thin-bedded sandstone and limestone (Table 1 ; Fig. 4 .1). The samples are sandy bioclastic mudstone and wackestone with phosphate nodules and chert grains. Fine-grained quartz grains are subangular to subrounded. The biota consists of indeterminate bivalves, foraminifers, echinoderms, and ostracodes. Wavy stylolites suggest burial to moderate depths. These strata were deposited on a nearshore shallow shelf during transgression (LAWTON et al., 2004) . The Tuape Shale is dominantly shale with thin beds of limestone (Table 1 ; Fig. 4 .2). The main limestone facies are silty lime wackestone and mudstone with chert nodules. Quartz grains are angular silt to fine sand. The biota consists of indeterminate bivalves, oyster, ostracodes, and foraminifera. Wavy stylolites are crosscut by fractures. This unit was deposited on a deep offshore shelf near local biotic buildups during maximum flooding. Farther southeast in the basin euxinic conditions prevailed (LAWTON et al., 2004) . Two samples of the Los Coyotes Member are composed of bioclastic calcareous sandstone and bioclastic packstone microfacies (Table 1 ; Fig. 4.3) . The sparse biota is composed of indeterminate bivalves, foraminifera and echinoids. Wavy stylolites are cut by fractures. The depositional environment of the Cerro Los Coyotes Member was a shallow shelf complex with buildups and shoaling-up small-scale bed cycles during highstand conditions. Paleobathymetry was mainly within the local photic zone. This member records progradation and shoaling (LAWTON et al., 2004) . 1. Cerro La Ceja Member, sandy bioclastic wackestone, SSJ3 (9-14-3); 2. Tuape Shale, silty wackestone, note recrystallized bivalve bioclasts, SSJ5 (9-14-5); 3. Los coyotes Member, silty bioclastic packstone, note calcite-filled fracture and recrystallized bivalve bioclasts, SSJ7 (9-14-7); 4. Cerro La Puerta Member, orbitolinid packstone, note calcite-filled fracture, SSJ11 (9-15-2); 5-10. Cerro La Espina Member, [19] [20] [23] [24] [25] ; 5. Orbitolinid wackestone, note fracture set filled with secondary calcite,SSJ13 (9-15-4); 6. Caprinid packstone, oblique cross section of caprinid pallial canals, SSJ16 (9-15-7); 7. Caprinid packstone, Paracoskinolina sunnilandensis (Maync) among bioclasts, SSJ19 (9-15-10); 8. Caprinid-algal boundstone, colonial coral encrusted by multiple algal laminae, SSJ20 (9-15-11); 9. Sandy coral-caprinid packstone; note encrusted colonial coral, SSJ23 (9-15-14); 10. Mollusk wackestone, note gastropod, SSJ25 (9-15-16).
The Cerro La Puerta Member is represented by orbitolinid wackestone-packstone (Table 1 ; Fig. 4.4) . Biota is composed of indeterminate bivalves, gastropods, foraminifers including Mesorbitolina, Novalesia, Lenticulinids, the planktic foraminifera Clavihedbergella, and encrusting foraminifera, and ostracodes. Subparallel fracture sets are filled with calcite. Deposition was on offshore shallow shelf and represents flooding during a second depositional cycle (LAWTON et al., 2004) . The Cerro La Espina Member is composed of multiple facies in vertical succession from base to top: orbitolinid wackestone, caprinid wackestone-packstone, caprinid-algal boundstone, sandy coral-caprinid packstone, and capped by mollusk wackestone (Table 1 ; Fig. 4 .5-10). Caprinids are common to abundant; colonial corals are common in one sample; calcareous algae and stromatoporoids are rare; associated biota consists of echinoderms, benthic foraminifera, and ostracodes. Peloids are common in the Cerro La Espina Member; quartz sand is fine to medium, subangular to subrounded.
Locally poikilotopic calcite surrounds echinoderm parts. Chert nodules and quartz overgrowths in optical continuity with chert are rare. Opaque grains of hematite and possible organic matter are rare in the matrix. Multiple sets of subparallel fractures are filled with calcite. The orbitolinids in the basal Cerro La Espina Formation are flat and the diameterto-height ratio averages 4.56, which is greater than those in the Cerro Pimas section. This shape is consistent with deposition upon a deeper inner shelf environment. From base to top of the Cerro La Espina deposition shoaled during highstand of the second long-term depositional cycle (LAWTON et al., 2004) . A single thin section of the Mesa Quemada Member is silty mudstone with rare miliolids and ostracodes. Silt-sized to fine-grained quartz is present; secondary chert partly replaces some bioclasts. Deposition was on shallow nearshore shelf; in other parts of the basin this member represents complex environments (LAWTON et al., 2004) .
4.c. Carbon and oxygen isotopic variations
The analyzed samples show large variations in carbon and oxygen isotope values ( Fig. 5 ). The Mesa Quemada (MQ) member also shows significant negative oxygen isotope values (-13.6‰). The δ 13 C values in the CLC member are significantly negative to slightly positive (-2.6 to +0.5‰; Table 2 ). The TS and LC members exhibit both negative and positive carbon isotope values (-2.5 to +0.4‰; -1.5 to +1.1‰; respectively). The CLP member shows positive carbon isotope values (+2.4 to +3.2‰; Figs. 5-6). Likewise, limestone in the CLE member also has positive carbon isotope values (+1.2 to +2.5‰). The lone sample from the MQ member has a negative carbon isotope value (-1.3‰).
The strontium isotope composition of limestone of the Mural Formation is given in 
Discussion
5.a. Carbon and oxygen isotope composition
The limestones from the Sierra San José section show negative oxygen isotopic values (-18.6‰ to -10.9‰ VPDB) (Fig. 6) . The lower part of the section shows slight variations in isotopic values whereas the middle part of the section shows large fluctuations. Likewise, the upper part of the section also exhibits more variations in the oxygen isotope values. The most negative values are observed in the lower part of the Cerro La Ceja and Cerro La Espina members and middle part of the Mesa Quemada Member. The lowest δ 18 O value (-18.6‰) occurs in the lower part of the CLE Member probably related to a sudden change in the sedimentation conditions and also due to the effects of early meteoric diagenesis (e.g., -2‰ to -15‰, DICKSON, 1992 Carbon isotopes are less affected by diagenetic alteration than oxygen isotopes (HUDSON, 1977; BANNER and HANSON, 1990; MARSHALL, 1992; FRANK et al., 1999) , because of the buffering effect of carbonate carbon in the diagenetic system (PRICE et al., 2008) . The correlation of δ 13 C and δ 18 O values of Mural Limestone in the Sierra San José section is not statistically significant (r = 0.01, n = 18; lack of statistically significant correlation (VERMA, 2005) (Fig. 5) indicates a lack of diagenetic influence on the carbon isotopic signatures (e.g., JENKYNS, 1974; JENKYNS and CLAYTON, 1986) Another test of the diagenetic alteration of limestone is by the following equation: where Z = a (δ 13 C + 50) + b (δ 18 O + 50), in which a and b are 2.048 and 0.498 respectively (KEITH and WEBER, 1964) . In this study of Mural Limestone the Z value discriminates between marine and freshwater limestone. Limestones with Z values above 120 are considered marine, whereas those with Z values below 120 would be classified as freshwater type. In the present study, the majority of limestones have Z values above 120, whereas few exhibit Z values below 120. This measure further supports that these limestones were least altered during diagenesis.
The carbon isotope curve shows two negative excursions in the lower part and one negative isotopic excursion in the upper part of the Sierra San José section. Most of the samples from the middle and upper part of the section show positive carbon isotope values (Fig. 6 ). An abrupt decrease in δ 13 C value is observed in the uppermost part of the section (SSJ27: -1.3‰ VPDB). Sample SSJ27 has a more negative value than limestone collected several meters below this samples (Fig. 6) . Negative values of δ 13 C are mainly due to biogenic production of CO 2 in the soil (CERLING and HAY, 1986 ) and indicate subaerial exposure, because of incorporation of lighter carbon isotope from soil-borne carbon dioxide and decay of terrestrial matter (HUDSON, 1977) .
The positive isotopic excursion observed in the middle and upper parts of the Sierra San José section indicates the increasing impact of primary production in the photic zone, with associated organic burial rates exceeding those of its oxidative mineralization of organic matter (KUMP and ARTHUR, 1999) . Variations in the δ 13 C signatures of shallow marine carbonates are widely used to interpret the primary variations in seawater δ 13 C during the Early Cretaceous (JENKYNS, 1995; VAHRENKAMP, 1996; GRÖTSCH et al., 1998; GRANIER, 2012 GRANIER, , 2014 . The δ 13 C values, of the present study suggests that the δ 13 C values measured from the Sierra San José section correspond to original seawater composition (mainly above 0 and below +3‰; FÖLLMI et al., 1994 FÖLLMI et al., , 2006 MENEGATTI et al., 1998; BRALOWER et al., 1999; HERRLE et al., 2004; WISSLER et al., 2004) . In addition, lack of correlation between δ 13 C and δ 18 O and the environmental significance of Z values also suggest that Mural limestones from the Sierra San José section exhibit primary carbon isotope signatures. Hence, most carbon isotope data of bulk rocks from the Sierra San José section of the Mural Formation are comparable with the published values of late Aptian -early Albian age.
5.b. Strontium Isotopes
The strontium isotopic record provides possible constraints on the importance of various factors that affect global weathering, rates and rock types being weathered, such as orogenic events (EDMOND, 1992) and glacial activity (HODELL et al., 1989) , and the relative significance of postulated changes in mid-ocean ridge hydrothermal output (REA, 1992) . The 87 Sr/ 86 Sr composition of seawater served as an important tool for stratigraphic correlations and indirect age assignment, reconstruction of global tectonics, and understanding the diagenetic processes (BURKE et al., 1982; VEIZER, 1989; VEIZER et al., 1997 VEIZER et al., , 1999 McARTHUR et al., 1990; 1992a , 1992b , 1994 HOWARTH & McARTHUR 1997; HALVERSON et al., 2007) 
5.c. Implication for Diagenesis
The trace elements variations have been considered to be an important tool to identify diagenetic alteration of ancient carbonate rocks (e.g., BRAND and VEIZER, 1980; JONES et al., 1994a JONES et al., , 1994b PRICE and SELLWOOD, 1997; PODLAHA et al., 1998; HESSELBO et al., 2000; PRICE et al., 2000; JENKYNS et al., 2002; GROCKE et al., 2003; MADHAVARAJU et al., 2013a MADHAVARAJU et al., , 2013b . Mn may be incorporated and Sr may be expelled from the carbonate system during diagenesis (BRAND and VEIZER, 1980; VEIZER, 1983) . The Mn/Sr ratio is useful to understand the diagenetic changes in the carbonate rocks (KAUFMAN et al., 1993; KAUFMAN and KNOLL, 1995; JACOBSEN and KAUFMAN, 1999) . Marine limestones with Mn/Sr ratios less than 2 indicate that those limestones were least altered by diagenesis (JACOBSEN and KAUFMAN, 1999; SIAL et al., 2001; MARQUILLAS et al., 2007; NAGARAJAN et al., 2008; KAKIZAKI and KANO, 2009 ).
In the present study, the limestones of the Mural Formation have higher 87 Sr/ 86 Sr ratios than the contemporary Aptian-Albian seawater. Such elevated ratios in carbonate rocks may be influenced by diagenetic modifications. However, most of the studied samples have low Mn/Sr ratios less than 2 (Table 2) suggesting that the higher isotopic ratios have not been diagenetically altered.
5.d. Implications for Hydrothermal Input
The 87 Sr/ 86 Sr composition of seawater serves as an important tool for stratigraphic correlations and indirect numerical age assignments, reconstruction of global tectonics, and under-standing diagenetic processes (BURKE et al., 1982; VEIZER, 1989; McARTHUR et al., 1990 McARTHUR et al., , 1992a McARTHUR et al., , 1992b McARTHUR et al., , 1994 HALVERSON et al., 2007) . In addition, a significant amount of seawateroceanic crust interaction takes place at low temperatures that contribute third components such as palagonite, smectite and/or carbonates (JOCHUM and VERMA, 1996) . Detailed studies of hydrothermal fluids provide important information regarding the seawater-oceanic crust interaction (MICHARD and ALBAREDE, 1986; PIEPGRAS and WASSERBURG, 1986; HINKLEY and TATSUMOTO, 1987; KLINKHAMMER et al., 1994) .
Sr that enters the ocean from hydrothermal systems along mid-ocean ridges has an initial 87 Sr/ 86 Sr ratio of 0.7027 (e.g., ALLEGRE et al., 1983) . The exact Sr-isotope evolution of MORBsource mantle is unknown, but hydrothermal alteration of oceanic crust results in a ratio of 0.7035 (DAVIS et al., 2003) . The average composition of continental crust has not changed greatly since 3.7 Ga (e.g., CONDIE, 1993). The phenomenon is better interpreted to reflect a change in the ratio between hydrothermal and continental flux to the oceans, that is, the flux ratio (DERRY and JACOBSEN, 1988) .
The 87 Sr/ 86 Sr ratio of modern oceans (0.7092) is mainly a mixture of detrital input from continental weathering (0.7120) and hydrothermal alteration of the oceanic crust (0.7035; DAVIS et al., 2003) . The lower limit of the 87 Sr/ 86 Sr ratio is higher than the contemporary Early Albian (0.7073) seawater as well hydrothermal flux. Hydrothermal solutions mainly originate in the deep marine environments; however, such source is doubtful for the limestones of the Formation which were deposited in shallow marine environments (LAWTON et al., 2004; GONZÁLEZ-LEÓN et al., 2008) . Hence, the observed 87 Sr/ 86 Sr ratio variations may be influenced by some other sources than the hydrothermal input.
5.e. Implications for continental weathering
Sedimentologic observations suggest that the Mural Formation formed on a large, shallow marine shelf covering southern Arizona and northern Sonora. NICA-MORENO et al., 2001 . The significant fluctuations in the 87 Sr/ 86 Sr values in the studied section may be related to variations in the episodic/periodic influx of siliciclastics from the provenance area.
According to BULLEN et al. (1997) , significant quantities of radiogenic Sr may be leached from K-feldspar during weathering of granitoid provenances. The source area of the Bisbee Basin in Sonora was mainly composed of granitic rocks that released significant amount of radiogenic Sr to these limestones through riverine Sr flux. So, high 87 Sr/ 86 Sr ratios at various levels in the Sierra San José section of the Mural Formation suggest that a considerable amount of sediments was contributed by Proterozoic basement of the Caborca block during Aptian-Albian age. The decrease in 87 Sr/ 86 Sr ratios at certain levels of the studied section indicates a decreased influx of radiogenic Sr to the Mural Formation.
Chronostratigraphy and isotopic evolution
The Mural Formation members were correlated with the upper Aptian and lower Albian substages by ammonites, bivalves, and foraminifera (GONZÁLEZ-LEÓN et al., 2008) . The stage boundary was correlated approximately with the Tuape Shale/Los Coyotes Member contact. In the Sierra San José section the Cerro La Espina and uppermost Cerro La Puerta members yield age-diagnostic fossils, but other members in the Sierra San José section have no diagnostic fossils as yet. A graphic plot of the Sierra San José section projects the Aptian/Albian boundary at approximately 200 m in the lower part of the Cerro La Puerta (Fig. 7) . The age model (CRETCSDB) is defined by ranges of more than 3500 events in more than 200 sections (SCOTT, 2014) . The line of correlation (LOC) is constrained by the first occurrence (FO) of Buccicrenata subgoodlandensis and the last occurrence (LO) of Mesorbitolina texana. In other sections in the region the lower Albian rudist, Coalcomana ramosa (BOEHM), is reported in the Los Coyotes (GONZÁLEZ-LEÓN et al., 2008) . Therefore the stage boundary is close to the base of the Los Coyotes and the LOC would be steeper than in Fig. 7 , which would project events below 240 m slightly older than shown in Fig. 7 .
Based on the graphic plot (Fig. 7) the bases of carbon isotope events 11, 12 and 13 are projected into the upper part of the Cerro La Puerta and the lower part of the Cerro La Espina members. The ages of carbon isotope events are projected from the Santa Rosa Canyon section (BRALOWER et al., 1999) , where the base of C11 is a steep negative shift similar to the data at Sierra San José. The base of C12, which is a steep positive shift at Santa Rosa, is projected high in the Sierra San José section in a relatively flat interval (Fig. 7) above a distinct positive shift at 240 m. The position of Oceanic Anoxic Event 1b is projected from a number of deep oceanic sections and here spans from upper Cerro La Puerta to lower Cerro La Espina (Fig. 7) . The range of carbon isotope data in the Sierra San José section is from -2.6 to 3.2 ppm, which is somewhat greater than the range of 1.8 to 3.0 ppm in upper Aptian-Albian data from Mid-Pacific seamounts (JONES and JENKYNS, 2001, their Fig. 4) suggesting that Albian oceanic concentrations are preserved in parts of this section. However the 87 Sr/ 86 Sr ratios in this section range from 0.70748 to 0.70879, and are heavier than the Pacific data that range from 0.70722 to 0.70747 (JONES and JENKYNS, 2001) . Similarly in the upper Aptian-lower Albian Glen Rose Formation in the East Texas Basin the strontium ratios range from 0.70723 to 0.70746 (DENISON et al., 2003) . The heavier ratios in the Mexican section may be the result of greater terrestrial flux into the Bisbee Basin.
Conclusions
Limestones collected from the Sierra San 
